Lost productive life years caused by chronic conditions in Australians aged 45e64 years, 2010e2030 G lobally, there has been a substantial increase in the number of years lived with disability (YLDs) over the past 20 years. The YLDs for 1160 sequelae of 289 diseases and injuries were estimated as part of the 2010 Global Burden of Disease study: global YLDs from all causes had increased from 583 million in 1990 to 777 million in 2010. 1 The main contributors to YLDs were mental and behavioural disorders, musculoskeletal disorders, and diabetes or endocrine diseases. While the Global Burden of Disease study measured YLDs at particular time points, governments have become increasingly concerned by lost productive life years (PLYs) caused by chronic disease at particular time points. We define PLYs as the loss of productivity that results from individuals not being able to participate in the labour force because of their chronic conditions. Few studies have undertaken a thorough assessment of the impact of chronic disease on labour productivity, and most have focused only on the burden of single diseases. Recent studies have shown that chronic disease can negatively affect the labour market and related outcomes, such as reduced income, greater welfare dependency and earlier retirement. 2 The significant costs of premature retirement caused by chronic disease have been highlighted for most Organisation for Economic Cooperation and Development (OECD) countries. 3 Premature retirement has attracted considerable attention in Australia, where unemployment is low (5.8% in June 2014) compared with other OECD countries 4 and there are substantial labour shortages in a number of industries. The Australian Treasury maintains that Australia's financial position can only be improved by increasing productivity, population growth and labour force participation. 5 Having a large number of people excluded from the labour force by ill health is likely to constrain economic growth.
The impacts of an ageing population and labour shortages on a country's fiscal position have featured heavily in recent reports by supranational organisations, such as the OECD and the World Health Organization, 3, 6 and national governments, including the Australian Government. 5 A range of policies have been adopted by the six OECD countries participating in the Workforce Aging in the New Economy (WANE) project (including Australia) to encourage the labour force participation of older workers, 7 including abolishing mandatory retirement; changes to national pension and welfare systems, and disability and employment insurance; active labour-market policies; and promoting phased or gradual retirements.
If chronic conditions are one of the main barriers to labour force participation, financial incentives alone may not be sufficient to maximise the contribution of older workers. Studies from the United States and Canada have shown that employment rates among older persons with musculoskeletal conditions, 8 mental illness 9 and other chronic conditions are lower than those among older people without these conditions. 10 Similar studies from Australia and New Zealand have found that back pain, 11 The aims of this study were to estimate (1) the PLYs lost to chronic conditions in Australians aged 45e64 years for each 5-year period from 2010 to 2030; and (2) the impact of these lost PLYs in terms of lost gross domestic product (GDP). The effects of population ageing, population growth, labour force trends and chronic disease trends are also captured in these estimates.
Methods

Data
We analysed output data from a microsimulation model called Health&WealthMOD2030, 16 which is Australia's first microsimulation model of the impact on long-term productivity over a 20-year period (2010e2030) of chronic disease and disability in the population aged 45e64 years. The records of persons aged 45e64 years and members of their family income unit were extracted. The records include data on demographic variables (age, sex, family type); socioeconomic variables (education, welfare payments); labour force variables (labour force participation, retirement); and health variables (chronic conditions, type and extent of disability).
The Australian Population and Policy Simulation Model (APPSIM) 19 was used to age the SDAC data to represent the expected population in 2030. APPSIM is a dynamic population microsimulation model developed by the National Centre for Social and Economic Modelling (NATSEM) at the University of Canberra in collaboration with 12 Australian Government departments. APPSIM is based on a 1% sample from the 2001 ABS Census of Housing and Population (the ABS Household Sample File Australia 2001). 19 It simulates all major lifetime events experienced by Australians on the basis of the probability of their occurring to people in Australia. Simulated snapshots of the Australian population from 2010 to 2030 generated by APPSIM were used in this study.
To account for epidemiological trends in chronic conditions, we applied the same trends in incidence that were used in the 2003 Australian Burden of Disease and Injury Study, 16, 20 which projected trends for the period 2003e2023, after which it was assumed that time rates would stabilise. We calculated proportional changes in the prevalence of chronic conditions and applied these to the corresponding diseases in the SDAC data, aggregated into the following categories: stroke, cancer (almost stable in men and women), ischaemic heart disease (decreasing rate in men and women), type 2 diabetes (increasing rate in men and women) and chronic obstructive pulmonary disease (stable in men; increasing rate in women). In the absence of data about trends, the rates for all other conditions were assumed to remain stable. Based on proportional changes, the prevalence of chronic conditions in Australians aged 45e64 years was projected for 2010 and 2030 by 5-year age groups and sex.
To account for population growth and trends in labour force participation in our PLY projections, we used 2013e2014 population and labour force projections provided by the Australian Treasury. We extracted population projections and projected full-time and part-time employment rates to 2030 for Australians aged 45e64 years by 5-year age groups and sex. 16 The SDAC 2003 and 2009 data were separately reweighted to match the 2010 Australian population according to the ABS GREGWT reweighting algorithm, 16 which takes into account key demographic and other changes in the population between 2003 and 2009. After reweighting, the datasets were combined and the weights halved so that the total weighted population in this new dataset matched the 2010 Australian population. A diagram of how the tools and datasets (both the source data and the datasets assembled thereafter) were used in this study is included in Appendix 1. For those who were not in the labour force, the main reason for not looking for work was also sought; in particular, respondents were asked whether they were out of the labour force because of their "own ill health or disability". Respondents were also asked whether they had a long-term condition and, if so, to nominate the type of condition they had from a list of 80 conditions and injuries. Those identified as being out of the labour force due to ill health or disability were classified in this study as having lost PLYs because of a chronic condition.
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Statistical analysis
Outputs from Health&Wealth-MOD2030 were used to generate descriptive statistics of the relationship between chronic disease, PLYs lost and labour force participation of older workers in 2010, 2015, 2020, 2025 and 2030, by age group and sex.
We analysed the expected growth in the number of people aged 45e64 years who would lose PLYs (and the growth in the number of persons employed with and without chronic disease) at each of the five time points. Projected changes were driven by population growth, population ageing, chronic condition trends and labour force trends (by age group and sex). The contributions of each driver to the number of workers aged 45e64 years in each of the labour force groups to 2030 were disaggregated. All analyses were conducted in SAS V9.3 (SAS Institute).
GDP equation
The impact of PLYs lost to chronic disease in the 45e64-year-old age group on national GDP was calculated using the GDP formula of the Australian Treasury:
where H is the total number of hours worked, EMP is the total number of persons employed, LF is the size of the labour force, and Pop15þ is the population aged 15 years or more. 
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considerable projected growth in employment linked with Treasury's projections of rising demand for labour and labour force participation trends. 16 For men employed full-time, the largest increase in employment is projected to occur among those aged 60e64 years (37.51%); the largest increase for women is projected to occur among those aged 55e59 years (63.43%), almost twice the increase for older men.
Population growth makes the largest contribution to growth in both PLYs lost and in the labour force between 2010 and 2030. The contribution of disease trends to PLYs lost, after removing population and labour force trends, was largest for men out of the labour force because of ill health and who were aged 50e54 years (10.23%) or 55e59 years (9.62%). For women, the contribution of disease trends was greatest in those aged 60e64 years who were not in the labour force because of a chronic condition (13.04%). The positive contribution of labour trends to growth in full-time employment was larger in every age group for women than for men, reflecting changes in female labour force participation and education. 5 For part-time employment, large reductions were projected for men aged 45e49 and 50e54 years (26.69% and 9.66%, respectively), and large increases for women of all ages (Appendix 2).
As a result of the 347 000 PLYs lost because of a chronic condition in individuals aged 45e64 years, there was an estimated loss of GDP of $37.79 billion in 2010. In 2030, the loss of 459 000 PLYs will result in a projected GDP loss of $63.73 billion (expressed in 2010 dollars; Box 4). These projected reductions in GDP correspond to 9.47% of GDP associated with the 45e64-year-old subpopulation in 2010 and to 10.29% in 2030.
If the projected growth in the prevalence of chronic conditions between 2010 and 2030 was only half that assumed by our main analysis, an estimated 453 000 PLYs would be lost by those aged 45e64 years because of chronic conditions in 2030, resulting in a projected loss of GDP of $62.89 billion. However, if the projected growth is doubled, the estimated PLYs lost would be 589 000 in 2030, resulting in a projected GDP loss of $81.78 billion (expressed in 2010 dollars). Not in the labour force due to ill health 1381 -339 000 -449 000 --* Cardiovascular disease includes ischaemic heart diseases, stroke, high cholesterol level, hypertension (high blood pressure) and other diseases of the circulatory system. † Other diseases of the respiratory system include bronchitis/bronchiolitis, respiratory allergies (excluding allergic asthma) and emphysema. u
Discussion
Using output from Health&-WealthMOD2030, we projected the number of PLYs lost because of chronic health conditions in Australians aged 45e64 years from 2010 to 2030. We established that there were 347 000 PLYs lost due to chronic disease in those aged 45e64 years in 2010, projected to increase to 459 000 in 2030.
The PLYs lost among older workers due to chronic conditions are likely to have significant flow-on effects for individuals and governments. Our group has previously calculated the substantial impacts of ill health on all-source income, taxation and welfare payments for older workers (and government) in Australia in 2010.
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We also found that ill health resulted in significantly lower incomes and lower accumulated wealth and savings for those who had retired early because of their ill health 22 and a greater risk of poverty. 23 Our study has a number of limitations. First, the impact of chronic disease on labour force participation is based on respondents' self-reports of their main chronic condition. Although self-reported health is considered a valid parameter, 24 bias in the results cannot be excluded. Second, the SDACs 2003 and 2009 provided cross-sectional data. It is therefore possible to identify correlations but not causal relationships between parameters. It should be noted, however, the SDAC surveys included a specific category for being out of the labour force because of chronic disease ("own ill health or disability") that could only be selected by those who had first stated they were not in the labour force. We thus identified those who are not in the labour force and then the main reason for their not being in the labour force (eg, ill health).
As the population ages, it is crucial that governments continue to adopt measures that retain as many working-age individuals in the labour force as possible. The former Federal Treasurer Wayne Swan noted in his 2011e12 Budget speech that: ". our economy can't afford to waste a single pair of capable hands." 25 Retaining older people in the workforce will enable greater economic growth and provide government revenue for spending on vital services, including health care. 5 Achieving these goals requires governments to take a more holistic approach to increasing labour force participation among older workers -an approach that considers the interaction of health, illness prevention, work capacity and government priorities (such as economic growth). Directing resources towards the introduction of effective interventions to prevent and treat the chronic conditions associated with the highest rates of premature exit from the labour force by older workers (back problems, arthritis, mental and behavioural disorders) is likely to improve the work capacity of this group (or, put another way, reduce the loss of PLYs predicted by our study) and thereby Australia's future finances. 
